A description of this highly integrated drift chamber system is presented. This high resolution and deadtimeless apparatus achieves excellent performance without channel-by-channel parameter corrections. This approach is suited for very large drift chamber systems since it contains an average of less than one active component per channel. In addition to a description of the system, results from beam tests, and actual use in an experiment are discussed.
Introduction
The BNL Multiparticle Spectrometer (MPS) was operated as a facility at the AGS from 1975 through 1980; 13 experiments were completed. It had become apparent during that period that many experiments were limited by the beam-rate capability of the main detectors (magnetostrictive spark chambers). Hence a decision was1made to replace them with narrow-cell drift chambers which would permit an order of magnitude increase in beam flux to the level of approximately 2 million particles/pulse. The changeover was accomplished by March 1982 in time for SEB running of the AGS. In the following sections we will describe the detectors, the electronics system and some system performance details.
Detectors
A drawing of MPS II is shown in Fig. 1 . The basic geometry of the drift cell is shown in Fig. 2 . The field wire to anode wire distance is 1/8". The gas used is 79% Argon, 15% Isobutane, and 6% Dimethoxymethane. At a cathode voltage of 2.4 KV and a field-wire voltage of 1.8 KV, an efficiency of 99% is obtained and the drift velocity is constant, independent of the MPS field. Wires are wound on individual planes, 1/4" thick made of pultrusion2 which is molded with "O"-ring grooves and the various necessary recesses. This material has aligned glass fibers, yielding a Young's modulus of 5 x 106, substantially higher than randomoriented fiberglass laminates. Individual frames are assembled into modules ( Fig. 3) with anode orientations X'XXYUVY', where X measures in the horizontal plane, 
Electronics
In order to minimize the number of connections to outside electronics, all of the wire-by-wire electronics is mounted on the chamber. Three custom 4-channel integrated circuits were developed to provide this electronics. These IC's are a transresistance amplifier, a discriminator and a high-speed shift register A differential transresistance amplifier design was chosen in order to optimize the coupling of the chamber signal (equivalent to a current source) into the amplifier. Table I gives the principal specifications of the amplifier.
The discriminator is a time-over-threshold device with balanced outputs to reduce noise generation. 
enable registers from a number of circuits in series and connecting the data outputs together into a single output. Table III shows the performance of the shift registers. Wire planes are read out in parallel in order to reduce the digitizing time. Approximately 1 msec is required to perform the readout cycle (320 channels). A modified FASTBUS system is used to transfer data from the memories to the main data acquisition system.
Thus we have built a drift chamber system of more than 11,000 anode wires, that is very compact, with almost all of the electronics mounted on the chamber. With this technique, it will be possible to build the very large (> 50,000 wires) detector systems that will be required for high luminosity pp colliders. The total IC cost is presently $12.00 per channel.
Performance of the Spectrometer
These circuits are mounted on 64-or 80-channel printed circuit boards (ICPC), which also have the required high-speed clock level translator drivers and output buffers (Fig. 7) . These PC's are directly Once the chambers were operating well, a test of the system as a whole, under actual experimental conditions, was made in a study of the reaction a + Nucleus + 44X + K+K K+K X . This successful test was followed by the first experiment (E747), a p + *$QN at 22 GeV/c. The mance of the chambers were evaluated using the obtained in this experiment. physics perfordata Figure 7 80-Channel ICPC mounted on the module (see Fig. 3 ). The ICPC's are arranged in nine readout strings: 3 X's, 2 Y's, 2 U's, 2 V's (separate readout strings for each half of the U and V planes). The readout strings are extended to permit fiducials and identification information to be incorporated in the data. Mounted on the end of the module are interface circuits that buffer the signals, generate identification and distribute the power. With this approach, a drift chamber module with 1677 anode wires was built that requires only 14 external connections.
In normal operation, all shift registers are reset and prepared for data-taking by first shifting all zeroes and then all ones into the enable registers.
With all one's in the register, the fast (250 MHz) clock is started and runs until stopped by a precisely timed trigger about 1 psec after the beam particle. Trigger timing is such that the drift time data are in the last 32 bits of the shift register. After the clock has stopped, all zeroes are shifted into the enable registers to start the readout cycle. A one is shifted into the first bit of the enable register string, thereby permitting readout of the first channel. The clock is restarted at a slower rate (10 MPHz) and the data continues its flow through the shift register (one channel at a time) for 32 clock counts.
An enable clock pulse shifts the one to the next bit in the enable register and the cycle is repeated until all channels are read out. After completion of the readout cycle, all ones are once again loaded into the enable register and the clock is again operated at 250 MHz until the next trigger. Two racks containing all the controls, data acquisition, high voltage, and test circuitry required to operate the modules are located in the trigger trailer.
Data acquisition is accomplished in a digitizer module. If a one has been detected at the shift register output during the readout, the clock count at which
Position Resolution
The shift register is operated at 250 MHz corresponding, at a drift velocity of 5.6 x 106 cm/sec, to 65 pm rms in the digitized drift distance. The amplifier and discriminator circuits have a propagation time distribution with an rms of about 2 nsec. These in combination with variation in clock signal distribution delays and wire propagation delays gives an expected net resolution due to electronics effects of X' 180 pm (s.d.).
The distribution of coordinates on fitted tracks has a typical rms deviation of 250-300 pm. The track momentum resolution was measured at the beam momentum (22 GeV/c) to be 1.35 GeV/c (FWHM) with a central magnetic field of 5 KG. The beam spectrometer con;tributes negligibly to this resolution. For this measurement the tracks traversed 7 drift chamber modules spanning 305 cm and two PWC's increased that span to 437 cm. The missing mass squared from the 4 charged kaons of Reaction 1 shows a well-resolved neutron peak of width 0.23 GeV2 (rms) (see Fig. 8 ).
Since the Q value of the * + K+K decay is quite small, the 4 mass resolution is a measure of angular resolution and depends only weakly on the momentum measurement. Since the 4 has a natural width of 4.1 MeV we fit the measured K+t-effective mass spectrum to a Breit-Wigner peak folded with gaussian resolution. Figure 9 shows the results of that fit which yields a mass resolution (a) of 2 MeV for the O's from Reaction 1.
From this and from a measurement of the KS width we derive a projected angle resolution a(8 ) % 1 mr.
These measured resolutions have been satisfactorily reproduced by a Monte Carlo simulation of the measuring apparatus using 250 pm for the primary position resolution and adding the effects of inefficiency, track position dependence, multiple tracks in the same drift cell, etc. The pattern recognition and fitting errors were included by processing events simulated by the Monte Carlo program through the same analysis chain as the real events. All the distributions described above have been matched satisfactorily by these Monte Carlo events. Rate Dependence
The major reason for replacing the MPS detector system was to improve the rate handling capability of the MPS. For this reason we chose the shift register approach to make the coordinate measurement almost deadtimeless. Another feature designed to handle high rates is the small cell size chosen. The anode-field wire spacing of 1/8 inch corresponds to a drift time of less than 60 nsec. At high rates there is a loss of efficiency in a small area in the center of the beam, which is consistent-with the observed gain loss due to ion buildup.3 The entire system was run reliably at a rate of about 2 x 106 particles per AGS spill (0.8 sec)
for the run of experiment #747 in May and June of 1982.
Since the first use of the system, improvement has been made in the noise level on the chamber electronics and lower discriminator thresholds should be possible. We expect this to improve the rate limitations as well as making some imporvement of the electronics contribution to the position resolution. Selecting circuit chips matched for propagation delay should also reduce the position uncertainty contributed by the electronics. 
